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Abstract 
A high-performance regulation and control method was designed for photovoltaic grid-connected system. To meet 
the basic requirement, a new special frequency and phase measurement by using two-way square wave cycle and the 
improvement in Amplitude-Limiter-Filter algorithm to reach the target accuracy were utilized. The related 
experiment results showed that the system in which this method was adopted work stably. 
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1. Introduction  
The photovoltaic solar power use has developed rapidly in these years, but the system is less efficient, 
costs more high, that is still a major factor of the universal constraints of photovoltaic power generation[1]. 
More and more novel ideas and hi-techniques are being used in the exploitation of solar power. 
Regulation and control system is the core of the co-ordination with the main inverter and a key part of the 
photovoltaic grid-connected system to ensure the normal operation. In recent years, thanks to the 
microprocessor semiconductor technology and the rapid development of photovoltaic systems to ensure 
the normal operation, the control sub-system is more and more attention. Taking into account the normal 
operation, the system must be in phase with the work of the same frequency at the same time and should 
ensure that the output voltage of systems must be in non-voltage state. This article describes the core 
processors based on ARM7 LPC2148 regulation and control system to achieve the program, the main 
outstanding performance in the design of a clever and efficient algorithm for measuring the frequency and 
phase, with the LPC2148 and its wealth of high-performance processors outside set of resources, to 
construct a good reliability, real-time platform of strong regulation, as regulation of the entire system 
subsystems, make the whole system be functioning well to meet the basic operational requirements. 
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2. System requirement and design 
2.1 System Analysis  
The core of the system for the AC on inverter output frequency, phase and voltage measurements is to 
make the relevant parameters and the system to match. Taking into account the requirements and real time, 
the system's processor is NXP's LPC2148, its operating frequency is up to 60MHz, has a 32K-chip static 
RAM and 512K of FLASH program memory, and its basic resources meet requirements. As a real-time 
measurement and regulation systems, external interrupt, timer, ADC module should be necessary parts, 
and LPC2148 peripherals have two 32-bit prescaler and the timing counter and two 10-bit precision A / D 
converter, and the number of peripheral devices not only meet the requirements but also they can  be set 
aside to cater for the needs of a changing environment. 
2.2 Global  
Generally speaking, the main use of measurement - feedback - more - adjust model is to ensure the 
system of real-time and reliability. Shown in Figure 1, the model has the following features: First, as we 
know, the DC/AC modules not only provides DC voltage but also can supply AC voltage through 
inversion module[2].Secondary, the main controller LPC2148, using the 32-bit controller to complete the 
rigorous processing of data, judge and to make decisions, has a strong and independent control. And then, 
in order to ensure real-time by using asynchronous external interrupt mode of the frequency measurement 
which need to be set the highest priority. At last, every aspect of the system is closely. If one abnormal 
abort system will work, the system has automatic adjustment ability. Apart from the above measurement 
and control functions, the system can also be expanded. LPC2148 still has serial interface, interrupt 
sources, general-purpose input and output interfaces, which have not been used and can be designed for a 
good human-computer interaction systems and remote control system.  
 
Figure 1. Photovoltaic Generation System Simulation 
3. Hardware design 
The following part of this system is the hardware design of the presentation. Because the hardware 
design is not the key point of the system, so just only an overview will be shown. 
3.1 Hardware introduction  
First of all, in the system, after the completion of the initialization process, the LPC2148 as the main 
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controller to issue instructions to the processor on the input of external interrupt input and network real-
time frequency and reference phase detection is connected by sending the corresponding GPIO frequency 
and phase as the parameters are sent to the SPWM transmitter module to start the inverter process. And 
then another external interrupt input of the inverter frequency of the feedback signal is detected with the 
reference phase and the corresponding parameters and comparison. If there is bias, immediately the 
required parameter is set to prevail. LPC2148 again send instructions to the inverter to adjust the process, 
making feedback parameters consistent with the requirements of the referenced signal. And then LPC2148 
starts the internal high-precision ADC for the input of the inverter module for voltage detection, once the 
parameters are not up to standard, the entire system will be set to stop working until the related equipment 
restore. 
4. Software design 
Software design mainly involves two aspects, such as part of the concrete implementation methods of 
frequency and phase measurement and the software filter. For measuring frequency and phase, a novel 
algorithm is utilized. In the measurement of voltage, the filter algorithm used in this project is focused. 
4.1 Frequency and phase measurement 
After processing the feedback signal, interrupts can be used to measured using two two-way square 
wave cycle and phase difference. Cycle detection algorithm shown in Figure 2a), the rising edge of the 
previous cycle (triggered interrupt) start time, and it will stop after the rising edge of a cycle time, and 
cycle count is tested. Phase detection algorithm is slightly complicated by two-way pulse's rising edge 
which starts first time shown in Figure 2b), the latter to those who stop the clock rising edge, the count is 
the unknown phase, or π-phase difference.  
Figure 2. The process of measurement 
When the difference of two pulse cycle is greater than a specified value, the cycle adjustment program 
is to be started and the program can be tracked within the required reference signal frequency. When 
phase difference of two pulse cycle is more than a specified value, phase tracking program is to be started, 
using the phase compensation method to control the same phase. Because of high real-time requirements, 
the realization of mixed programming is needed.  
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Figure 3. Process diagram of the ISR 
Part of the assembly code as follow(arm assembly): 
DEF FLAG EQU R4                  
EINT0     MOV R5 #0x00000001 
          CMP FLAG R5           
BEQ K0;                
ORR FLAG R5           
LDR R6 =0XE0004004     
STR R5 [R6]              
MOV PC LR 
K0  MOV R5,#0;      
LDR R6 =0XE0004004    
STR R5 [R6]            
MOV R5 #0x00000001 
BIC R4 R4 R5           
MOV R5 #0x00000002 
BIC R4 R4 R5          
LDR R6 =0xE0004008 
LDR R7 [R6]             
MOV PC LR 
4.2 Software filter 
Because of external interference and counter accuracy, the data, such as frequency value or ADC 
sample value, needs to be detected for many times to go through the software filter to prevent the system 
"error adjustment." Taking into account the system measurement speed and the requirements of the 
accuracy in such rapid real-time system, Amplitude-Limiter-Filter(improved)is utilized. First of all, 
judging from experience, to determine the maximum allowable deviation of the sampling which is 
assumed to be A, then the first n consecutive sample values are used to get the arithmetic average of 5 
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operations, to get a high degree of sample smooth average of the values of Bn, then compare the obtained 
Bn and the last received Bn-1. If the absolute difference of new average sample Bn and the previous 
sample Bn-1 is less than or equal to A, and then the average sample values of this time is set to be valid 
and the results of this filter value is set to be Bn; If the absolute difference of new average sample Bn and 
the previous sample Bn-1 is more than A, and then the average sample values of this time is set to be 
invalid and the results of this filter value is set to be Bn-1;. This filtering method can be used to overcome 
the interference caused by accidental factors. As the LPC2148's RAM is adequate, and the processing 
speed is very fast, so the operation of the system will not constitute an impact in terms of efficiency. The 
number of the points of the arithmetic average should not be too large, otherwise they will make the 
overall performance degradation. So the specific value must be according to the actual situation for 
adaptation. Concrete realization of part of the code as follows(C code): 
 
/************************** 
**amplitudeLimiterFilterEx()---(fixed version） 
**introduction： 
1、 GetAD（）to get ad sample 
2、 Variable declaration： 
aveValue:the latest average sample 
newAveValue:current average sample 
 ******************************/ 
 #define  A  10 
 int aveValue; 
 int amplitudeLimiterFilterEx() 
 { 
int newAveValue,returnAveValue,; 
int soleValue[5]，i； 
  for（i=0;i<5;i++） 
  { 
     soleValue[i]=GetAD();     //to get 5 samples 
  } 
  newAveValue=AVERAGE(soleValue);  //to get average of these samples 
  if((newAveValue-aveValue)>=A)  
  { 
     returnAveValue=aveValue; 
  } 
      else 
  { 
     returnAveValue=newAveValue; 
  } 
           return returnAveValue;   
} 
5. Conclusion 
In the photovoltaic grid-connected system demonstration project ,the experimental systems measure 
frequency and phase by using this algorithm, coupled with combines software filtering algorithm, making 
detection and display terminal shows the frequency of a comparatively stable manner at 45Hz (the 
referenced value is 45Hz,the error is less than 0.2Hz), shows stabilization of the output voltage between 
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30.8V to 31.2V (DC output of photovoltaic cells, through partial transformation) and can be automated to 
restore for rapid anomalies(shown in Figure 3). The design and the algorithm can achieve the basic system 
requirements, with detection and control capability is able to meet the basic requirements for the 
construction of this sub-system, which provide a useful reference. 
  
Figure 4. Result of the output for this simulation for two times  
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